Luminescence properties of samarium-doped S105-Na5SO, composite 
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Abstract 


The comprehensive structural and luminescence study of Sm-doped S1O;-Na5SO, composite materials are reported. The samples 
were synthesized by melt-mixing mixture of Na?SO, and SmF;3 into the SiO» matrix at 1050°C for 30 min. X-ray diffraction (XRD) 
pattern shows the characteristic structure of the SiO» and addition of 20% Na?SO4:Sm has no effect on the basic crystal structure of 
the SiO2. Scanning electron microscopy (SEM) shows the clear difference in morphological structure between the composite and 
host SiO2. From photoexcitation (PE) spectra of the as-synthesized composite, the highest excitation efficiency was observed at 
402 nm. The photoluminescence (PL) spectra of as-synthesized composite phosphors obtained under 402 nm excitation consist of 
five narrow emission bands with peaks at 563, 598, 644, 704 and 784 nm. These are assigned to the 4Gs)2 — H; (J=5/2, 7/2, 9/2, 
11/2 and 13/2, respectively) transitions within 4f? electronic configuration of Sm?*. Highest luminescence intensity was observed 


with S105-1096Na5 SO4:Sm. 
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1. Introduction 


The luminescence properties of the lanthanide ion-doped ma- 
terials have been hot research topic for decades. An attrac- 
tive feature of luminescent rare earth ions is their line-like 
emission and this emission is largely independent of the host 
environment[1]. This characteristic of lanthanide ions make it 

very attractive for synthesizing various kinds of functional ma- 
| terials for application. Recently, there has been a strong interest 
in synthesis of lanthanide based organic-inorganic hybrid ma- 
terials [2, 3], glass-ceramic phosphor[4, 5, 6] and composite 
materials[7, 8] for a wide variety of application in outdoor de- 
vices, fabrication of light emitting diodes, scintillators, and op- 
tical devices. SiOz is known for its hardness and used primarily 
for production of various kinds of glass materials. This is also 
very suitable host for synthesizing composite materials. Lu- 
minescence properties of lanthanide ions doped Na?SO, were 
reported elsewhere[9, 10, 11]. Embedding rare earth doped- 
NazSO,4 phosphor in ceramic materials such as SiO? may in- 
crease the strength of the phosphor, especially when designed 
for outdoor application. A composite of SiO2-Na2S0;4 can be 
useful for high-temperature thermal storage. Thermophysical 
properties of this composite are investigated[12]. S. M. Bobade 
et. al. reported on the electrical properties of the Na? SO4-based 
composite system[13]. However, very few works were done on 
the rare earth doped SiO;-Na5SO, phosphor[14]. There was no 
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work reported on luminescence properties of Sm-doped SiO2- 
Na25SO, system to the best of our knowledge. In the present 
study, we synthesized Sm-doped S105-Na?SO, composite ma- 
terial and obtained the PL and PE spectra of the Sm?* ions. 


2. Experimental 


High purity SiO, (99%), NaSO, (99.99%) and 
SmF3(99.99%) were used to synthesize samples. A mix- 
ture of Na?2SO, and small amount of SmF; (0.14 mol%) was 
ground using an agate mortar. This mixture in appropriate 
amount (5, 10 and 20 percent mass of the host SiO2) was again 
thoroughly mixed with SiO, and ground by agate mortar. The 
mixtures were then heated in pure alumina crucibles at 1050°C 
for 30 min in air by using an electric furnace. Samples were 
quenched to room temperature (RT) by placing on a lead brick 
after heating. Synthesized samples were powdered again for 
performing measurements. Crystal structures of the samples 
were examined using XRD system ( 12kW Rigaku D-Max-rA 
X-ray diffractometers) at RT with CuKa, radiation operating 
at 40 kV and 100 mA. A SEM measurement was performed 
using a Hitachi model S-4800 field emission scanning electron 
microscope. A small amount of powder samples were sprinkled 
lightly with a spatula on carbon tape and pressed lightly for 
mounting. 

Measurement of PL and PE spectra were performed at RT 
by using a totally computer-controlled compact system (Horiba 
Fluorolog spectrofluorometer). PL intensity measurements 
were done strictly maintaining the same conditions for each 
sample. All the intensity measurements were repeated 10 times 
and an average was taken to reduce error. 
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Figure 1: (Color online) XRD spectra of (a) SiO? (b)SiO?-2096Na? SO4:Sm 
and (c) Na?SO4. 
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Figure 2: (Color online) SEM image of (a) SiO5-2096Na? SO4:Sm composite, 
inset: synthesized composite shows red emission under UV light (b) SiO», in- 
set: no emission from host under UV light. 


3. Results and discussion 


Figure 1 shows the XRD patterns for SiO2, SiO»- 
Na3SO,4:Sm, Na2SO4:Sm and Na5SO,. The main diffraction 
peaks were in good agreement with the data of ICDD card 37- 
1465 and JCPDS standard pattern number 46-1045 for Na2S04 
and SiO», respectively. SiO»? has hexagonal crystal structure 
with P3521 space group. The (h k l)values and d-values were 
shown in XRD spectra. The values were calculated by using 
PowderX software[15]. The lattice parameters of the unit cell of 
SiO, were a = b= 4.9137 A and c = 5.4047 A with a = B = 90° 
and y = 120°. From Fig. 1, itis clear that the phosphor particles 
were well incorporated between the SiOz particles. 

The particle size d can be estimated from the Scherrer equa- 
tion as follows: 


d= 0.94 (1) 
pcos 
where 4 is the wavelength of the CuK, radiation, £ is the full- 
width at half-maximum (FWHM) at radian and 8 is the diffrac- 
tion angle. Most prominent diffraction peaks at 20.82, 26.62 
and 50.12 were taken to measure the particle size. Average par- 
ticle size of the SiO; powder and Si02-20%Na2SO4:Sm com- 
posite powder was estimated to be 56 nm. 
Fig. 2 shows the SEM image of the (a) SiO02-Na2SO4:Sm 
composite and (b) SiO». Inset shows the red emission under UV 
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Figure 3: (Color online) (a) PE (left) and PL spectra (right) of Na2S04:Sm. 
(b) PE (left) and PL (right) spectra of SiO?-2096Na» SO4:Sm. Excitation and 
emission spectra (red line) for SiO? was given for comparison. Observation 
wavelength: 644 nm. Excitation wavelength: 375 nm. 
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Figure 4: (Color online) (a) PL spectra of SiO5-x96Na2 SO4:Sm (x=0,5,10,20) 
under excitation at 402 nm. (b) Schematic energy levels of Sm?* (4f°) in com- 
posite materials. Arrows show the excitation and emission transitions. 
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Figure 5: (Color online) (a) PL spectra of 644 nm band under 402 nm excitation 
for SiO» and SiO2-x%Naz2SO4:Sm (x=5,10,20). (b) Relative PL intensities of 
the 644 nm band. 


light in Sm doped S105-Na5 SO, composite material whereas no 
emission under UV light in host SiO2. SEM images were mag- 
nified 700 times for both samples. It is clearly seen that mor- 
phological structures are different in Sm-doped S105-Na? 504 
and SiO». Particle size was measured to be 50 nm for both 
SiOz and S105-2096Na5SO,4:Sm, which is in good agreement 
with that estimated from diffraction peaks (fig. 2). 

Figure 3(a) shows the PE (left) and PL (right) spectra of 
Na5SO4:Sm phosphor. The PL spectrum, obtained under 375 
nm excitation, consists of four narrow bands at 563, 598, 644 
and 704 nm. The excitation spectrum was obtained by monitor- 
ing the red luminescence at 644 nm. Figure 3(b) shows the PE 
(left) and PL (right) spectra of the Si02-20%Na2SO4:Sm com- 
posite and SiO; (red line). Measurement condition was same 
as that of Na?SO4:Sm phosphor. No disturbance due to host 
was observed in the PL spectra, as SiO, has no obvious emis- 
sion at the range 500-750 nm, where main Sm?* emission peaks 
appear. From PE spectra the highest excitation efficiency was 
observed at 375 nm for Na?SO4:Sm whereas 402 nm for SiO2- 
20960Na5SO,4:Sm. 

Figure 4(a) shows the PL spectra of the Si02-x%Na2SO4:Sm 


(x = 5, 10, 20) under 402 nm excitation which consist of five 
narrow bands at 563, 598, 644, 704 and 784 nm. These five 
bands can be identified with the 4Gs)2 —> 8H, (J=5/2, 7/2, 9/2, 
11/2 and 13/2, respectively) transitions within 4f? electronic 
configuration of Sm?* (Fig. 4(b)) Trivalent samarium ions 
with 4f are generally insensitive to the surrounding environ- 
ment in the crystal, due to outer shell shielding. Nevertheless, 
emission spectra are still influenced by the Stark effect caused 
by the crystal field and asymmetry around the Sm?*. Emission 
bands observed in Sm-doped S1O5-Na55O, composite are al- 
most same as that of Na?SO4:Sm. So it is reasonable to assume 
that Sm?* ions take the position in the composite by replacing 
Nat ions in Na?2SO,. 

PL spectra of the prominent 644 nm band was measured 
10 times for each sample to measure relative intensities (Fig. 
5(b). Average intensity was taken to minimize the intensity 
error. From the Fig. 5(b) it is shown that with increase in 
the phosphor amount, the PL intensity of 644 nm band was 
also increased. When 20% phosphor was used, the PL inten- 
sity decreased a little. So the highest PL intensity was ob- 
tained from SiO2-10%Naz2SO4:Sm. PL intensity of this sam- 
ple was found to be approximately 17% comparing to that of 
Na5SO,4:Sm. This is reasonable and better PL efficiency be- 
cause the amount of SmF3 in S1O5-1096Na5SO,4:Sm is only 
0.014 mol% whereas 0.14 mol% (10 times amount compare to 
that of Si02-10%NazSO4:Sm) in Na?SO4:Sm phosphor. 


4. Conclusion 


We have successfully synthesized samarium doped SiO2- 
Na SO, composite. It may strengthen the Na,SO4:Sm phos- 
phors embedded in SiO? matrix. We believe this composite has 
good prospect as a phosphor material for variety of application 
such as light emitting diodes, outdoor application, scintillators. 
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